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ABSTRACT 
A positive-displacement oil pump for a refrigerant compressor with a low-pressure 
chamber has properties that lower performance of oil supply under three conditions: first, 
when suction pressure becomes lower; second, when oil temperature becomes lower; and 
third, when oil is mixed with greater amounts of liquid refrigerant. The effects on 
performance are cumulative. In this paper, we show that the characteristics of oil pumps can 
be understood by considering foaming gas from oil(= cavitation, which is caused by pressure 
drops in the oil paths and suction port in the cylinder), because oil pumps for refrigerant 
compressors circulate oil with dissolved refrigerant. The result of a numerical simulation 
developed with the assumption that oil is dissolved with saturated refrigerant shows good 
correlation with the testing of actual compressors. 
INTRODUCTION 
Heat pump air conditioning systems are used in a wide range of environments, from 
intense summer heat to severe winter cold. Especially for use in the low temperature range, 
compressors of heat pumps operate under very severe conditions, such as lowering of suction 
pressure and oil temperature, and return of liquid refrigerant. Furthermore, it is expected 
that the lubricating ability will decrease when alternative refrigerants are used. Under such 
conditions, developing the technology to keep on supplying enough lubricant oil to the 
bearings becomes very important, in order to sustain high efficiency and durability of the 
compressor. 
An oil pump for a compressor circulates oil with dissolved refrigerant. Therefore, many 
different characteristics in performance can be found in comparison with a conventional 
water pump because of foaming gas from oil(= cavitation), which is caused by pressure drops 
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of oil passing through the pump. Especially in a compressor with a low-pressure chamber, 
efficiency of the oil pump decreases when suction pressure and oil temperature become lower, 
and oil is mixed with greater amounts of liquid refrigerant. 
In this paper, we consider mainly the case of a positive-displacement oil pump of yoke-
type (see Fig.l). From results of a numerical simulation and the testing of actual compressors, 
we introduce characteristics of cavitation which occurs mainly at the suction port in the 
cylinder, as well as the performance of oil pumps under various operating conditions. 
APPROACH 
EXPERIMENTAL RESEARCH 
In order to conduct this research, two approaches were carried out. For the first 
approach, observations of oil supply from an oil pump were carried out under various 
operating conditions using a compressor with prototype oil pumps, such as positive-
displacement oil pumps of yoke-type and trochoid-type, and a centrifugal oil pump. The view 
port attached to the compressor enabled us to observe remaining return-oil after lubrication 
to the bearings. Fig.2 shows the assembly cross-section of the scroll compressor for this 
experiment. The characteristics of oil pumps were investigated based on the behavior of 
return-oil observed through the view port. 
As a result of this approach, it was observed that the quantity of the return-oil after 
lubrication to the bearings decreases and finally disappears when suction pressure around oil 
becomes lower (especially at vacuum pressure), oil temperature becomes lower, and oil is 
mixed with greater amounts ofliquid refrigerant. Fig.3 shows the limit area able to supply oil 
(= when the return-oil disappears) for the oil conditions under which the compressor is 
running. For a given suction pressure, when the resulting saturation temperature of 
refrigerant is lower than the oil temperature, the oil condition depends on the suction 
pressure and the oil temperature (see Fig.3(a) ). However, when the resulting saturation 
temperature of refrigerant is about equal to the oil temperature, the oil condition depends on 
the suction pressure and the rate of mixture with oil and liquid refrigerant (see Fig.3(b) ). In 
the area unable to supply oil in Fig.3, the compressor bearings will seize because of 
insufficient lubricant oil. 
In addition to the fact that oil pumps for compressors circulate oil with dissolved 
refrigerant, which is different from conventional water pumps, we found that positive-
displacement oil pumps have small areas able to supply oil in comparison to centrifugal oil 
pumps. Accordingly, for the second approach, we developed a numerical simulation for the 
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relationship between performance of an oil pump and cavitation. 
SIMULATION 
The numerical simulation was developed with the assumption that oil is dissolved with 
saturated refrigerant for a positive-displacement oil pump of yoke-type. This simulation is 
composed of subroutines to calculate volumetric changes of the cylinder, oil flow rates, 
pressure drops at each oil path and the suction port in the cylinder, and foaming of 
refrigerant in oiL Fig.4 shows the program flow chart of this simulation. This simulation 
calculates the volume of discharge oil by input of the oil pump style parameters and 
operating conditions such as suction pressure and oil temperature. The results of this 
simulation show good correlation with the testing of actual compressors. The following 
characteristics of oil pumps were observed. 
NUMERICAL AND EXPERIMENTAL RESULTS 
First, cavitation in the oil paths and suction port in the cylinder is mainly caused by 
pressure drops in a manner similar to that of water pumps. Furthermore the cavitation in oil 
pumps occurs more easily than in water pumps due to the dissolution of refrigerant in oiL 
Second, the lowering of suction pressure (especially vacuum pressure) reduces 
performance of oil pumps to a low level, due to the increase in the volume of foaming gas from 
oiL This volume increase can be characterized by a relationship between pressure and 
saturation solubility of refrigerant, and between pressure and specific volume of refrigerant. 
The lowering of oil temperature in addition to that of suction pressure reduces 
performance of the oil pumps to an even lower level, due to the greater increase in the volume 
of foaming gas from oil. This mechanism of reduced performance occurs because the high 
viscosity of oil increases pressure drops, and also because the difference between saturation 
solubility of refrigerant under suction pressure, and saturation solubility after pressure 
drops, increases at low oil temperature even if the value ofpressure drops is the same. 
If liquid refrigerant returns back to the compressor, oil becomes mixed with liquid 
refrigerant. This condition is considered to reduce performance of the oil pumps to the lowest 
level following the mechanism described above. 
Third, by numerical simulation, we proved that the pressure drop at the suction port is 
the largest and most influential among all other sections of the oil path in a yoke-type oil 
pump. Fig.5 shows the result of the simulation for pressure drops at each section of the oil 
path and the suction port in a yoke-type oil pump. 
A high-efficiency oil pump can be achieved by decreasing pressure drops. The above 
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simulation result shows that increasing the area of the suction port in the cylinder is the 
most effective method for decreasing pressure drops. In the yoke-type oil pump, we were able 
to design a high-efficiency oil pump by addition of the relief path to the yoke. On the hand, 
however, a larger relief path tends to cause a slight lowering of performance of the oil pump, 
due to foaming gas from residual oil in the relief path. Fig.6 shows a relationship between 
crank angle and area of suction port in the cylinder for a basic oil pump and two improved oil 
pumps with relief paths. Fig.7 shows a relationship between suction pressure and the volume 
of discharge oil according to the simulation for the oil pumps in Fig.6. Table 1 shows the 
suction pressure when return-oil disappears (::::limits oflow pressure for oil supply), according 
to the simulation and testing for the oil pumps in Fig.6. 
Fig.8 shows the areas where the basic and improved yoke-type oil pumps can supply 
lubricant oil under actual operating conditions, such as lowering of suction pressure, oil 
temperature and mixture of oil and liquid refrigerant. From this result, it was observed that 
decreasing pressure drops by the addition of the relief path is very effective in all three 
conditions of reduced oil pump performance. 
By results of simulation and testing (see Table 2), we also confirmed that oil pump 
efficiency with the alternative refrigerant (R407C/ether oil) is very similar to that with the 
current refrigerant (R22/mineral oil) . 
CONCLUSIONS 
l.The characteristics of oil pumps for refrigerant compressors can be understood by 
considering the dissolved oil with saturated refrigerant and the cavitation, which is caused 
by pressure drops of oil passing through oil pumps. 
2.In the case of a positive-displacement oil pump of yoke-type, the pressure drop at the 
suction port in the cylinder is the largest and most influential among all other sections of the 
oil path, and increasing the area of the suction port in the cylinder is the most effective 
method for improving oil pump efficiency. 
3.The oil pump efficiency with the alternative re:frigerant(R407C/ether oil) 1s very 
similar to that with the current refrigerant(R22/mineral oil). 
4.We succeeded in developing a high-efficiency oil pump, and we have successfully 
operated a high-efficiency, durable compressor using this oil pump. 
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Fig.4 Program flow chart 
Fig.2 Cross sectional drawing- of scroll compressor 
with the view port 







,~ o.o:l!1 n -1 
O.il20 0.2 











0_5 1.5 2 












P-< 0.0020 0.02 
0 
Hl H2 
Crank angle (degree) 



















II [ r" r-1\ r-~ I--" 1-
l)v ~ 1-.- ~ 
0 II JO lS 50 11 90 101120 Ill 110 1651!0 




Calculated vohnne of discha1·ge oil under low suction 








~· .~ f'o-.r;::. 
a.,;§~-<::> 
(<~..;~... $' ~ 
...,.,u~ C",. ~ 
~wcring of ~::iuctw!!l•ress\lre 
f.?;,:> .a ~";"'.q,.-_,., q_.,.,, q_; 
C!_;:9!"' 
't-,.r.- '"'=' c:::.-
C".) "'> ~~ ~ C!o.~ 
~ Qoo-' 
Fig.G Change of suction area for basic oil pump 
and improved oil pumps with relief paths 
Tablel Comparison of Limits ofLP for the oil 
pumps in Fig.6 [kgf/cm2/MPa] 
Pump Limits ofLP Limits ofLP 
design (mea,.,ured) (calculated) 
0.29-0.40/ 
Basic 0.028-0.039 
0 .. '36/0.0~5 
0.10-0.18/ 






Ref: R22, Otl: Mtneral 01l. Otl temp: ~5 C 
Table2 Comparison of Limits of LP with alternative 
ref/oil for the improved-1 pump in Fig.6 
[kgf/cm2/I\-1I'a] 
~ Limits ofLP Limits ofLP (measured) (calculated) 
R221 0.10-0.18/ 
Mineral oil 0.010-0.018 
0.2210.022 
HA07CI 0.12-0.JG/ 
Ether oil 0.012-0.016 
0.17/0.017 
Otl temp _ 45"C 
Fig.8 Compari-son of limit. ru·ea for oil suppl~· while running co1npressor 
with the oil pumps in Fig_G 
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